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A quasi-symmetric balanced incomplete block design with parameters 
(4y, 8y -- 2, 4y -- l, 2y, 2y --1) 
exists if and only if there is an Hadamard matrix of order 4y. 
Stanton and Kalbfleisch [1] define a quasi-symmetric balanced 
incomplete block (BIB) design (v, b, r, k, A) as a design with the property 
that each block intersects one other block in x varieties and the remaining 
blocks in y varieties each. They show that there are only two possible 
families of such designs: 
(i) designs (v, 2v, 2k, k, 220, with x = k and y----~, formed from 
two copies of a symmetric design (v, k, ~); 
(ii) designs with x = 0 and parameters 
(4y, 8y -- 2, 4y -- 1, 2y, 2y -- 1). (1) 
We discuss designs of the second class. 
THEOREM. There is a quasi-symmetric BIB design with parameters (1) 
i f  and only i f  there is a symmetric BIB design with parameters 
(4y - -  1 ,2y - -  1, y - -  1), 
that is, i f  and only is there is an Hadamard matrix o f  order 4y. 
(This theorem is proved in [2] for y = 2 and y = 3.) 
Proof. Suppose ~ is a quasi-symmetric design with the parameters (1). 
Select any variety P, and write Ba, B~ . . . . .  Bau_  1 for the blocks of 
containing P. Since ~ contains the complements of its blocks, the 
remaining blocks will be the complements of the Bi .  Denote B~\{P) by Ci. 
If  Pi and P~- are any distinct varieties other than P, define numbers 
~, fl, ~,, and 8 by: 
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c~ sets C~ contain both P~ and Pj , 
sets Ci contain Pi but not Pj , 
sets Ci contain P~ but not Pi , 
8 sets C~ contain neither P~ nor Pj .  
Then 8 will equal the number of blocks of M which contain both P~ and Pj 
but not P (by the complement property), and since the number of blocks 
of M containing both P~ and Pj is 2y -- 1, 
~+8=2y- -1 ;  (2) 
the number of blocks of M containing both P and P~ is 2y -- 1, so 
o~+13 =2y- -  1, (3) 
~-}-~ =2y- -  1; (4) 
since all the sets C~ fit one of the listed descriptions, 
~-fl -r q -8  =4y -- 1. (5) 
Solving (2)-(5), 
a - - - -y - - l ,  f l=y=3- - - - -y .  (6) 
The C~ are 4y -- 1 sets of size 2y -- 1, with elements of ~ other than P. 
From (3) and (6) each element occurs in 2y -- 1 sets, while (6) shows 
that any pair of elements occur in y -- 1 sets. So the C~ are the blocks of a 
(4y -- 1, 2y -- 1, y -- 1)-configuration. 
Conversely, suppose there is a symmetric design with the required 
parameters. Write its blocks as Cx, C2 ..... C4~-x. Form 4), -- 1 blocks 
by adjoining a new variety to each of the Ci, and another 4y -- 1 blocks 
which are the complements of the C~ in the symmetric design. It is easy 
to see that these blocks form a quasi-symmetric design with parameters (1). 
REMARK. Not every design with parameters (1) is quasi-symmetric; 
in fact there are four designs with the parameters for y = 2, only one of 
which is quasi-symmetric (see [2]). 
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